SYNOPSIS A number of photoelectric haemoglobinometers have been evaluated as to their suitability for haemoglobinometry in the routine clinical laboratory. They have been tested for accuracy, precision, linearity of response, instrument comparability and, where relevant, for carry-over. The advantages and defects of each are described. with a spectrophotometer which had been calibrated in accordance with the recommendations of the International Committee for Standardization in Haematology (1967). In order to determine linearity of response of the galvanometer, optical density was recorded with progressive dilution of cyanmethaemoglobin. The result given is the mean of measurements of four samples. Total carryover was measured only in instruments with automatic sampling units by determining the influence of (a) a high-concentration specimen on (b) a subsequent low-concentration specimen. Three tests were carried out consecutively, first on specimen a (al, a2, a3) and then on specimen b (bl, b2, b3), and the carry-over was expressed as k = b1-b3. Routinely, specimens were diluted in a3 -b3 Van Kampen-Zijlstra's cyanide-ferricyanide reagent (pH 7 2) (International Committee for Standardization in Haematology, 1967) and measurement was delayed for at least five minutes to ensure complete conversion. This reagent contains a non-ionic detergent. In some instances parallel tests were carried out using the cyanide-ferricyanide reagent without detergent at apH of 9-6 (Lewis, 1967). For these tests measurement was delayed for at least 15 minutes. In general, identical results were obtained with both reagents, but where differences did occur this will be noted in the relevant section below.
in the routine laboratory. Manufacturers or their agents were invited to provide, on short-term loan, instruments as available from stock, ready for delivery to the customer. On receipt the instruments were assembled in accordance with the operating instructions provided. Then, over a period of three to four weeks, their performance was assessed by established methods for accuracy, precision, instrument comparability, and when relevant, for carry-over and sample cross- contamination. For evaluation of accuracy and precision, haemoglobin (as cyanmethaemoglobin) was determined repeatedly on five specimens over a wide range of haemoglobin concentrations. In some of the runs the samples were handled sequentially, in others they were interspersed with routine specimens in a batch. For with a spectrophotometer which had been calibrated in accordance with the recommendations of the International Committee for Standardization in Haematology (1967) . In order to determine linearity of response of the galvanometer, optical density was recorded with progressive dilution of cyanmethaemoglobin. The result given is the mean of measurements of four samples. Total carryover was measured only in instruments with automatic sampling units by determining the influence of (a) a high-concentration specimen on (b) a subsequent low-concentration specimen. Three tests were carried out consecutively, first on specimen a (al, a2, a3) and then on specimen b (bl, b2, b3) , and the carry-over was expressed as k = b1-b3. Routinely, specimens were diluted in a3 -b3 Van Kampen-Zijlstra's cyanide-ferricyanide reagent (pH 7 2) (International Committee for Standardization in Haematology, 1967) and measurement was delayed for at least five minutes to ensure complete conversion. This reagent contains a non-ionic detergent. In some instances parallel tests were carried out using the cyanide-ferricyanide reagent without detergent at apH of 9-6 (Lewis, 1967) . For these tests measurement was delayed for at least 15 minutes. In general, identical results were obtained with both reagents, but where differences did occur this will be noted in the relevant section below.
Some of the instruments are intended speci- 
There was yet another breakdown during the linearity of response measurements which prevented this test from being completed and the instrument was then returned to the factory.
During preliminary tests it was found that results obtained with Van Kampen-Zijlstra's cyanide-ferricyanide reagent as recommended by ICSH showed considerable discrepancies, in contrast to good performance when a conventional Drabkin's reagent without detergent was used. It seems likely that the discrepancies were caused by frothing and air bubbles. It is not clear whether criticism for this failure of performance should be levelled at the reagent or the instrument. For the present evaluation only conventional ,Drabkin's reagent was used, and with this an acceptable level of accuracy and precision was obtained.
This is an expensive instrument intended for automatic performance of haemoglobinometry. The faults in the instrument under test made it unacceptable. DESIGN This is a robust, well designed instrument, 21 x 35 cm in area, made of sheet steel. Operation is manual. It has easily accessible controls. Eight filters are available in the range 450 nm-670 nm, including one at 540 nm. It has matched cuvettes, 4 ml-6 ml capacity, with light path of 10 mm; single beam with tungsten filament. Standardization is by one-point setting by an ICSH-approved reference preparation. The galvanometer scale measures OD on a mirror scale with pointer. Haemoglobin is obtained by calculation or from linear graph. After a stabilization time of 10 minutes there is negligible drift of zero and standard sample during the course of a day.
COMMENTS
An instrument of acceptable accuracy and precision suitable for routine haemoglobinometry by manual method.
Precision and Accsracy True Hb content 15 3 11-2 10-7 7-8 6-0 (g/100 ml) Unfortunately, as the UK agents have not yet provided an instrument for evaluation, we have been unable to make personal observations, and its acceptability remains in doubt.
Conclusion
It is not the purpose of this report to provide a 'best buy' recommendation. There have been previous reports of comparative evaluation of a number of general purpose photoelectric colorimeters (Broughton and Riley, 1965; Broughton, Riley, Cook, Sanders, and Braunsberg, 1966) . In the present study each instrument has been assessed, essentially in terms of its accuracy and precision, as to its suitability for haemoglobinometry in the setting of a clinical laboratory. Undoubtedly, the accuracy of measurement of haemoglobin depends largely upon accuracy in pipetting, sampling, and the correct use of the standard (Lewis and Burgess, 1969) . Thus minor variation in the colorimeter is unlikely to be of serious consequence and should be put into perspective. It must, moreover, be remembered that the tests were carried out on one instrument of each make, and that these accuracy and precision evaluations do not necessarily apply to all other instruments of the same make. Faults may occur even when there has been a rigid factory inspection; it is important that a 'rogue' instrument should be recognized, and it is suggested that a testing procedure similar to that used in this study should be applied individually to all newly purchased instruments. I wish to thank the manufacturers and their agents who provided the instruments and gave their willing cooperation. The work was supported by grants from the Nuffield Provincial Hospital Trust and the Department of Health and Social Security.
